We describe a method for measuring plasma, erythrocyte, and Ieukocyte sodium (Na), potassium (K), and magnesium (Mg2) concentrations in 10-mL blood specimens. After separating cells with Ficoll-Hypaque and washing with isotonic choline chloride, erythrocytes and leukocytes are counted, so that results can be expressed as amount of substance per cell and also to monitor cell integrity and possible contamination. Plasma and cell lysates were analyzed (CV 7.O%) with flame photometry and atomic absorption spec- 
The method allows estimation of plasma, erythrocyte, and leukocyte Nat, K, and Mg2 concentrations in 10-mL specimens of heparinized blood.
Reference values are needed, to facilitate interpretation of test results and, because disorders of electrolyte homeostasis are more common in the elderly, we selected for our reference population hospital patients older than 65 years. We then derived reference values according to the recent recommendations (24) We diluted 500 L of erythrocyte lysate with 4.5 mL of 15 mmol/L aqueous lithium nitrate and 300 L of leukocyte lysate with 2.7 mL of aqueous lithium nitrate before analysis for Na and K. We measured erythrocyte and leukocyte Na' and K with the IL 243 flame photometer, using direct aspiration. Erythrocyte Na and K concentrations were measured separately, with use of 0.1 mmol/L and 1.0 mmolJL aqueous standards, respectively, which were used to set the response to full scale. Leukocyte Na and K concentrations were determined simultaneously with the
Materials and Methods

Methods
Ficoll
We diluted 500 1zL of erythrocyte lysate with 5.0 mL of 720 minol/L aqueous lanthanum chloride, and analyzed for Mg2 exactly as described for the plasma specimens.
To measure leukocyte
Mg2 concentration,
we added 600 jL of leukocyte lysate to 5.0 mL of 720 mmollL aqueous lanthanum chloride, and used the SP9 spectrometer and five standards with Mg2 concentrations ranging from 0.08 to 0.40 mmolJL to construct a calibration curve.
Analytical Variables
Efficiency of wash procedures. To assess whether significant amounts of plasma remain trapped in the cell pellets, we added 20 p.L of I-labeled human albumin to twelve 4-mL blood specimens, and subjected them to the entire analytical procedure.
We measured the radioactivity in the plasma, the first and second washes, and in the erythrocyte and leukocyte pellets-which were respectively resuspended in 2 mL and 1 mL of aqueous choline chloride.
Precision. The precision of the entire assay was assessed by duplicate analyses of 15 
Biological Variation
We recruited apparently healthy laboratory staff members (five men and five women, ages 23-48 years) for this study. Generally, we collected ten 10-mL specimens of venous blood from each subject at regular intervals during 20 weeks. To minimize pre-analytical variance, the same 
Results and Discussion
Analytical Method
Practicability. The method described here is practical. From 10-mL specimens of blood we can harvest enough leukocytes for assay. Harvesting, washing, and counting of cells can all be done within 2 h, and as many as eight specimens can be processed in a single batch.
Advantages of the Method
The use of Ficoll-Hypaque for cell separation is well documented, and has proved very satisfactory in our method. We confirmed that isotonic choline chloride, used as a wash solution, satisfactorily removes plasma trapped in the cell interstices. The mean radioactivity of the erythrocyte and leukocyte pellets after two washes was not significantly different from background (Table 1) . Choline chloride solution contains no Na, K, or Mg2, which facilitates the simultaneous assay of all three cations in plasma and cells.
We believe that such washing of cells is preferable to the widely used correction for trapped plasma, which is based upon limited analytical data but nonetheless is universally applied to all types of specimen (21). The cell-counting step in our procedure allows assessment of both the number and size distribution of the harvested cells. This gives a guide as to whether cellular integrity has been maintained and whether the cells have the usual size distribution.
It also provides an index of whether the cells
are contaminated with other cell types, and it allows results to be expressed as amount of substance per cell, which we believe is more appropriate than a derived unit, particularly units that depend upon a further assay of (e.g.) DNA, protein, or dry mass.
Precision. The precision of the assay, assessed from duplicate analyses of specimens from 15 patients (Table 2 ), is comparable with that obtained in previously published methods.
Reference Values
Reference values were generated from the results of analyses of specimens from 60 hospitalized patients, ages 65 years or over, whose plasma Nat, K, and Mg2 concentrations were within appropriate reference values. Frequency distribution histograms are shown in Figure 1 . Since, by visual inspection, the distributions were not truly gaussian or log-gaussian, we adopted the recommendation of the Expert Panel on Theory of Reference Values of IFCC that a nonparametric central 0.95 fractile be used as the reference interval (24). Table 3 shows reference intervals derived by using this approach. 
Biological Variation
The means and absolute ranges for each of the 10 healthy subjects are shown for erythrocyte Nat, K, and Mg2 concentrations in Figure 2 , and for leukocyte Na, K, and It is widely stated that analytical error (as SD or CV) should not exceed one-half of the intra-individual biological variation (26) ; that is CVA VsCV1. Objectively set analytical goals for the precision of assays of intracellular Nat, K, and Mg2 concentrations are shown in Table 4 Table 4 .
Overall Means and Ranges
The overall ranges for the cohort of 10 younger healthy subjects are very similar to the reference intervals we derived from our reference population of 60 elderly patients. We believe that this tends to validate the widely held view (28) that it is not necessary to adhere to very stringent selection of young healthy reference individuals such as those who fulfill the demanding criteria of the provisional recommendations of the Scandanavian Committee on Reference Values (29), but merely to select individuals who have no disorders or other pre-analytical factors that would affect the analytes being studied.
Indices of Individuality
Conventional population-based reference values such as those shown in Table 3 are made up of analytical, intraindividual, and interindividual variation. The magnitude of the ratio of the intra-to interindividual variation casts light on the utility of such values (26) ; if the ratio is >1.4, reference values are useful but, if the ratio is <0.6, then reference values are of limited utility. The indices (Table 4) are low for erythrocyte and high for leukocyte Nat, K, and Mg2 concentrations.
In consequence, 
Critical Differences
The greater the analytical and intra-individual variation, the greater must be the difference between results from serial specimens before they can be said to be significantly different;
for P <0.05, the difference required is 2.77 VCV.
+ CV. Small differences are required for erythrocyte Na, KI-, and Mg2 concentrations to be significantly different, and these are mainly ascribable to analytical variance. This suggests that these assays would be of value in monitoring changes in individual patients. In contrast, very large changes are required for leukocyte Nat, K, and Mg2 concentrations to differ significantly, mainly owing to inherent intra-individual variation.
Thus we believe that these assays would be of limited value in following particular patients over time.
Overall Conclusions
This method for simultaneous assay of plasma, erythrocyte, and leukocyte Nat, K, and Mg2 concentrations incorporates the best features of some of the many previously described assays. The method is practicable. Reference values derived according to IFCC recommendations from hospitalized elderly patients with plasma electrolytes within reference intervals were wide, but similar to those derived from a smaller cohort of healthy subjects. Biological variation data for erythrocyte Na, K, and Mg2 concentrations show the following: reference values are of very limited utility and thus such assays are not suitable for diagnostic purposes; it is unlikely that assays can meet objectively set analytical goals; and it may be that serial results would be of value in monitoring individual patients. In contrast, although reference values for leukocyte Na, K, and Mg2 concentrations are useful and goals can be easily attained, the large intra-individual variations mean that these assays would be of little value in following the courses of patients, and because of variation in the composition of the cell population may also be of limited value in diagnosis. In view of these difficulties, it may be that the results of assay of electrolytes in serum or plasma, which are simple and cheap to obtain, relatively easy to interpret, and widely available will continue to be generally used to assess electrolyte status.
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